Erythromycin (EM), first discovered by McGuire in the metabolic products of a strain of Streptomyces erythreus (31), is a 14-membered lactone ring macrolide antibiotic which has long been used for the treatment of infectious diseases caused by organisms that survive and multiply within host cells. There has recently been growing evidence of the effectiveness of EM in ameliorating airway inflammation irrespective of its antimicrobial action. It has been shown that EM can inhibit cytokine gene expression, such as interleukin-8 (IL-8) gene expression from polymorphonuclear leukocytes or IL-6 gene expression from airway epithelial cells (27, 37) . Schultz et al. (33) have reported on EM inhibition of IL-6 and tumor necrosis factor alpha (TNF-␣) production in whole blood. Given that regulation of cytokine gene expression is transcriptional, it is likely that transcriptional regulation is the target of the effect of EM. However, while there is some evidence of the biological effects of EM on the basis of cellular physiology (16, 38), the molecular mechanism of the effect of EM has not been elucidated at the level of transcription by testing in vitro the ability of EM to inhibit transcriptional activation preceding mRNA transcription.
Erythromycin (EM), first discovered by McGuire in the metabolic products of a strain of Streptomyces erythreus (31) , is a 14-membered lactone ring macrolide antibiotic which has long been used for the treatment of infectious diseases caused by organisms that survive and multiply within host cells. There has recently been growing evidence of the effectiveness of EM in ameliorating airway inflammation irrespective of its antimicrobial action. It has been shown that EM can inhibit cytokine gene expression, such as interleukin-8 (IL-8) gene expression from polymorphonuclear leukocytes or IL-6 gene expression from airway epithelial cells (27, 37) . Schultz et al. (33) have reported on EM inhibition of IL-6 and tumor necrosis factor alpha (TNF-␣) production in whole blood. Given that regulation of cytokine gene expression is transcriptional, it is likely that transcriptional regulation is the target of the effect of EM. However, while there is some evidence of the biological effects of EM on the basis of cellular physiology (16, 38) , the molecular mechanism of the effect of EM has not been elucidated at the level of transcription by testing in vitro the ability of EM to inhibit transcriptional activation preceding mRNA transcription.
A number of cis-acting trans-activating nuclear DNA-binding proteins that are induced and activated upon cell stimulation trigger transcriptional initiation which, in coordinate fashion, leads to optimal cytokine secretion from immune effector cells. Nuclear factor kappa B (NF-B) is a nuclear transcription factor ubiquitously involved in gene expression for a variety of inflammatory mediators including IL-2, IL-6, IL-8, TNF-␣, granulocyte-macrophage colony-stimulating factor (GM-CSF), cell adhesion molecule, nitric oxide synthase, and other molecules (5) . The nuclear factor of activated T cells (NFAT) plays a crucial role in transcriptional activation of cytokine gene expression of IL-2, TNF-␣ (24) , and GM-CSF (9) .
The objective of the present study was to investigate whether EM can inhibit the activation of these transcription factors, and since this was the case, the potency and the mechanism of the effects of EM were compared with those of FK506, which is a potent macrolide immunosuppressant (20) widely used in transplantation medicine. We have demonstrated using molecular biological methods that EM is capable of downregulating cytokine gene expression by inhibiting transcriptional activation of NF-B through interference with non-calcineurin-dependent signaling. The study described in this report is the first to demonstrate that EM suppresses cytokine gene expression in T lymphocytes through inhibition of transcriptional activation.
MATERIALS AND METHODS
Cell culture, stimulation, and drug treatment. Because of the restricted availability of primary human T cells for use in reporter gene assays and electrophoretic mobility shift assays (EMSAs), an adult human T-cell leukemic cell line (Jurkat) was used in this study. Jurkat T cells (clone E6-1; American Type Culture Collection, Manassas, Va.) were cultured in RPMI 1640 (Mediatech, Herndon, Va.) supplemented with 10% heat-inactivated fetal calf serum, penicillin (100 U/ml), and streptomycin (100 mg/ml) (Biowhittaker, Walkersville, Md.) in 5% CO 2 at 37°C. The cells were stimulated in culture medium containing 20 ng of phorbol 12-myristate 13-acetate (PMA; Calbiochem, La Jolla, Calif.) or PMA plus 2 M ionomycin (Calbiochem) (P-I) dissolved in dimethyl sulfoxide for various periods of time, as indicated below. Modulation by EM (Sigma, St. Louis, Mo.) or FK506 (Fujisawa Pharmaceutical Co.) of transcriptional activation of gene expression was also investigated. Both of these drugs were initially dissolved in ethanol to a stock concentration of 100 mM, diluted with culture medium, and tested at clinically relevant concentrations. Under nonstimulated conditions or under conditions with no drug treatments, ethanol and/or dimethyl sulfoxide was added to the culture so that these solvents were used at the same final concentrations (percent [vol/vol] ) in all experiments.
Transgenic T-cell lines stably expressing luciferase reporter gene. Plasmids pIL-2/luc and pIL-8/luc contain the human IL-2 enhancer sequence (positions Ϫ326 to ϩ45) (1) and the human IL-8 promoter sequence (positions Ϫ1451 to ϩ44) (3), respectively. The sequences are linked to firefly luciferase cDNA.
Plasmid pB-2/luc contains three tandem copies of the human IL-2 NF-Bbinding site (positions Ϫ205 to Ϫ196; GGGATTTCAC) in the context of the minimal enhancer sequence of the IL-2 gene (2). Plasmid pB-8/luc contains the IL-8 NF-B element (positions Ϫ84 to ϩ44) upstream of the luciferase cDNA. Briefly, a 128-bp length of the 3Ј end of the promoter region was generated by PCR with a pair of primers (sense primer, 5Ј-CGCGCTCGAGTCGTGGAAT TTCCTCTGAC-3Ј; antisense primer, 5Ј-TTGTCCTAGAAGCTTGTTGCTCT GCTGTC-3Ј; the underlined sequences represent XhoI and HindIII restriction sites, respectively) by using 1 g of human genomic DNA as a template. The PCR-amplified IL-8 NF-B element was sequenced in its entirety by the dideoxy method; the sequence proved identical to the published sequence (25) . The PCR product was purified and was then cloned into the XhoI-HindIII site of the luciferase expression vector (1) (2) (3) . Plasmid pNFAT/luc contains three tandem copies of the human IL-2 NFAT-1-binding site (positions Ϫ140 to Ϫ130; AAG AGGAAAAA) in the context of the minimal IL-2 enhancer, which drives a luciferase reporter gene (10) . Plasmid pEF/lacZ constitutively expresses ␤-galactosidase and was used for transient cotransfection for standardization of possible differences in transfection efficiency. Transgenic Jurkat cell lines that express these luciferase reporter plasmids were generated by stable transfection under G418 selection, as has been described previously (1) (2) (3) (4) 22) . For each construct, two independent stable cell lines were generated. These cell lines enabled us to carry out experiments without consideration of differences in transfection efficiency.
Calcineurin experiments and transient transfection. Plasmid pEF/CalA, which expresses a 60-kDa catalytic subunit of calcineurin, and pEF/CalB, which expresses a 19-kDa regulatory subunit of calcineurin (8, 19) , were both generated by PCR amplification and cloning into the EcoRI site and the BamHI site of pEFX, which uses the human elongation factor 1␣ promoter (39) . Plasmid pEF/⌬CaM-AI expresses the constitutively active form of calcineurin depleted of autoinhibitory and calmodulin-binding domains (14, 29, 30) and has been shown to act in synergy with PMA in the absence of intracellular calcium mobilization to induce transcriptional activation of NFAT and NF-B (12). The deletion mutant was generated by PCR amplification and insertion of a fragment that encodes amino acids 1 to 398 into the BamHI and EcoRI sites of pEFX. The involvement of calcineurin in FK506 or EM inhibition of NF-B and NFAT was analyzed by transient cotransfection of the plasmids. Briefly, 2 ϫ 10 7 Jurkat T cells were resuspended in 0.3 ml of complete RPMI 1640 medium in a 4-mm-gap transfection cuvette and were then transfected with 1.5 g each of the pEF/CalA, pEF/CalB, and reporter plasmids by use of an electroporator (250 V and 1,300 F; BTX Electrocell Manipulator 600; BTX, San Diego, Calif.). For the control experiments, 3 g of the control expression vector pEF(Ϫ) instead of pEF/CalA and pEF/CalB was used, and the method identical to that described above was used. Following 20 h of incubation at 37°C, the cells were subjected to the experiments.
Luciferase reporter gene assay and electrophoretic mobility shift assays. For the luciferase reporter gene assay the cells were stimulated for 4 h in 12-well flat-bottom plates (Becton-Dickinson, Lincoln Park, N.J.) at a density of 2 ϫ 10 6 /ml. Preparation of whole-cell extracts and the luciferase reporter gene assay were carried out by previously described methods (2-4). ␤-Galactosidase activity was measured with a commercially available kit (␤-Galactosidase Enzyme Assay System; Promega, Madison, Wis.).
The induction of NF-B and NFAT DNA-binding activities was analyzed by EMSAs. In the experiments of drug modulation, Jurkat T cells were pretreated with either EM or FK506 for 1 h and were then stimulated for 2 h in the presence of the drugs. Preparation of nuclear extract (NE) and EMSA were carried out as described previously (2-4). For EMSA, 10 g of NE was incubated at 4°C with binding buffer containing 1 g of poly(dI-dC)-poly(dI-dC) and 2.5 pg of a 32 P-labeled oligonucleotide probe for the NF-B element of the 5Ј flanking region of the human IL-8 gene (AGCTTCGTGGAATTTCCT) (25) or the IL-2 gene (5Ј-AGCTAAAGAGGGATTTCACCTAAA-3Ј) or the NFAT element of the 5Ј flanking region of the human IL-2 gene (5Ј-AGCTAAGAAAGGAGGA AAAACTGTTTCATA-3Ј) (34) . Protein-DNA complexes were resolved from free probe on 4% nondenaturing polyacrylamide gels and were visualized by fluorography. The intensity of retarded DNA-binding complex was measured semiquantitatively with a densitometer (Electronic Dual Light Transilluminator; Alpha Innotech Co., San Leandro, Calif.).
Statistical analysis. The significance of the differences between the experimental conditions was determined by nonpaired Student's t test (Microsoft Excel).
RESULTS

Effects of EM on expression of IL-2 and IL-8 genes in T cells.
The effects of EM and FK506 were first studied on T-cell secretion of two cytokines, IL-2 and IL-8. The cytokine concentrations in the supernatants from Jurkat T cells stimulated for 16 h with either PMA alone or P-I were measured by enzyme immunoassay (Table 1) . Stimulation with PMA alone resulted in the apparent induction of the IL-8 protein (208 Ϯ 33 pg/ml), which was additionally enhanced when PMA was combined with ionomycin treatment (480 Ϯ 23 pg/ml). P-Iinduced IL-8 protein expression was inhibited by 17% with 1 M EM and by 31% with 10 M EM (P Ͻ 0.05). FK506 at a 0.1 M concentration suppressed P-I-induced IL-8 secretion by 66%, which was significant (P Ͻ 0.01); however, complete inhibition was not achieved, in agreement with the results presented in a previous report (28) . Stimulation with P-I resulted in marked secretion of the IL-2 protein (2,877 Ϯ 302 pg/ml). Treatment with EM at a dose range of 0.1 to 10 M did not result in apparent inhibition of P-I-induced IL-2 secretion, while FK506 at a 0.1 M concentration inhibited IL-2 secretion by 90% (261 Ϯ 53 pg/ml; P Ͻ 0.01 by paired t test). These findings that EM is capable of inhibiting IL-8 protein expression but not IL-2 protein expression are consistent with those of previous investigators (18, 27) .
The effects of the drugs on transcriptional activation of IL-8 were then studied with the transgenic reporter cell line IL8Luc/Jurkat (Fig. 1a) . P-I-induced IL-8 transcriptional activation was inhibited by 19, 25 (P Ͻ 0.05), and 41% with 0.1, 1, and 10 M EM, respectively. FK506 inhibited IL-8 transactivation more strongly than EM did. The inhibition was 60% (P Ͻ 0.01) with 0.1 M FK506 and 70% with 1 M FK506, but no further inhibition was seen with increasing doses of FK506. Transcriptional activation of IL-8 induced by PMA stimulation alone was 60% of that induced by P-I, against which neither EM nor FK506 treatment resulted in apparent inhibition (data not shown). The inhibitory effects of EM and FK506 on P-Istimulated transcriptional activation of IL-2 in Jurkat cells were also studied (Fig. 1b) . EM did not inhibit transcriptional activation of IL-2. On the other hand, FK506 had a very potent inhibitory effect on transcriptional activation of IL-2 (Fig. 1b) . These results obtained by enzyme-linked immunosorbent assay demonstrate that EM is capable of inhibiting transcriptional activation of IL-8 but not IL-2, in contrast to the potent transcriptional inhibition of gene expression of these two cytokines by FK506.
Inhibition of transcriptional activation of NF-B and NFAT by EM and FK506. NF-B is a core transcription factor for IL-8 gene expression (25) , and NFAT is a core transcription factor for IL-2 gene expression (34) . Jurkat T cells stably transfected with either pB-8/luc, pB-2/luc, or pNFAT/luc were stimulated with P-I in the presence of EM or FK506. The inhibition of transcriptional activation of IL-8 NF-B with 100 nM EM was 22%, and further inhibition was achieved with an increasing dose of EM, with maximum inhibition being 37% with 10 M EM (P Ͻ 0.01) (Fig. 2a) . The levels of FK506 inhibition of IL-8 NF-B were 50% (P Ͻ 0.01) at a 10 nM 26 concentration and 66% at a 100 nM concentration (Fig. 2a) . A transgenic Jurkat T-cell line that stably expresses the IL-2 NF-B luciferase gene was also used to test the inhibitory effects of EM and FK506. The results were similar to those obtained for IL-8 NF-B inhibition. The levels of inhibition of IL-2 NF-B by 100 M EM and 100 M FK506 were 42 and 63%, respectively (data not shown). P-I-induced transcriptional activation of NFAT in Jurkat T cells was dramatically inhibited by FK506 in a dose-dependent manner (Fig. 2b ), as has been described previously (29) . In contrast, transcriptional inhibition of NFAT was not seen even with 100 M EM, a concentration at which FK506 completely inhibited NFAT. In any of these experiments, the protein concentrations in wholecell extracts, as measured by the assay of Bradford (7), from the cells treated with EM did not differ under the various conditions, indicating no inhibition of protein synthesis by EM. Inhibition of NF-B and NFAT DNA-binding activities by EM and FK506. Finally, modulation of the DNA-binding activities of transcription factors NF-B and NFAT by EM and FK506 were studied by EMSA. The DNA-binding activities of these nuclear proteins thus investigated have been proved to be specific in our previous investigations (2, 4) . NF-B DNAbinding complex was detectable in nuclear extracts from Jurkat cells treated with PMA alone; the levels were further enhanced by treatment with P-I (Fig. 3a) . Although EM at a 0.1 M concentration very slightly inhibited the P-I-induced NF-B DNA-binding complex, the inhibition was more significant with increasing doses of EM: the densitometer analyses showed that the NF-B complex was inhibited by 20% with 1 M EM and by 65% with 10 M EM. No apparent inhibition by EM was seen for the NF-B complex induced by treatment with PMA alone (data not shown). On the other hand, FK506 at 1 M more significantly inhibited NF-B DNA-binding activity.
Substantial induction of NFAT DNA-binding activity was found in NEs prepared from P-I-induced Jurkat T cells (Fig.  3b) . The inhibitory effect of EM on NFAT DNA-binding activity was tested. Again, P-I-induced NFAT DNA-binding activities were not inhibited by EM, a finding that is consistent with the results of the reporter gene assay. In marked contrast, FK506 at a 1 M concentration completely inhibited NFAT DNA-binding activity.
EM inhibition of NF-B through non-calcineurin-dependent signaling. Since EM had inhibitory effects on transcriptional activation and the DNA-binding activity of NF-B induced with P-I ( Fig. 2 and 3) but not PMA alone (data not shown), it was suggested that EM inhibition of NF-B could target signaling events elicited by intracellular calcium mobilization. The interest in this study was, then, to see if the molecular mechanism of EM inhibition on NF-B is mediated through an interaction with calcineurin, which is a key enzyme for the immunosuppressive effect of FK506 (23).
FIG. 1. Inhibitory effects of EM and FK506 on transcriptional activation of IL-8 (a) or IL-2 (b) gene expression. Transgenic Jurkat T-cell lines that stably
express the firefly luciferase gene driven by full-length human IL-8 promoter (positions Ϫ1451 to ϩ44) or human IL-2 enhancer (positions Ϫ326 to ϩ45) were established (see Materials and Methods). These T-cell lines were pretreated with either EM or FK506 at a dose range of 10 Ϫ9 to 10 Ϫ4 M for 1 h and were then stimulated with PMA (20 ng/ml) plus ionomycin (2 M) for 4 h in the presence of the drugs. Ten micrograms of whole-cell extracts was used for the luciferase assay. Transcriptional activation is shown as the enzymatic activities of luciferase contained in whole cells. Data represent means Ϯ standard deviations for three independent experiments. *, P Ͻ 0.05; **, P Ͻ 0.01.
FIG. 2. Inhibitory effects of EM and FK506 on transcriptional activation of cis-acting enhancer elements. Transgenic Jurkat T cells that stably express the firefly luciferase gene driven by IL-8 NF-B (positions Ϫ84 to ϩ44) (a) or three tandem copies of IL-2 NFAT (b) were established (see Materials and Methods).
These T-cell lines were pretreated with either EM or FK506 at a dose range of 10 Ϫ9 to 10 Ϫ4 M for 1 h and were then stimulated with PMA (20 ng/ml) plus ionomycin (2 M) for 4 h in the presence of the drugs. The cells were then subjected to the luciferase assay as described in the legend to Fig. 1 .
Jurkat T cells transiently cotransfected with pEF/CalA, pEF/ CalB, and pB-8/luc were stimulated by P-I and treated with increasing doses of FK506 (Fig. 4a) . In studies of calcineurin A expression, the inhibitory effects of FK506 on NF-B transactivation were markedly attenuated compared to those for the controls. This attenuation of FK506 inhibition was further enhanced by coexpression of the calcineurin B subunit. The 50% inhibitory concentration of FK506 was 0.2 nM in the control experiments, whereas it was 20 M with calcineurin A and B expression. In another set of experiments, Jurkat T cells were transiently cotransfected with pB-8/luc and pEF/⌬CaM-AI (Fig. 4b) . PMA treatment induced 40% of the transcriptional activation of IL-8 NF-B transactivation induced by P-I (Fig.  4b, control) . With ⌬CaM-AI expression, this activation by PMA was markedly enhanced to 78% of that induced by P-I in a FK506-sensitive manner (Fig. 4b, ⌬CaM-AI) . Thus, calcineurin proved to upregulate IL-8 NF-B in T cells. However, the level of P-I-induced transcriptional activation of IL-8 NF-B exceeded that induced by PMA plus ⌬CaM-AI, indicating that calcineurin does not totally substitute for the calcium-dependent signaling required for full activation of IL-8 NF-B. These results showing that expression of calcineurin makes T cells resistant to FK506 inhibition of IL-8 NF-B (Fig.  4a) and that constitutively active calcineurin is capable of transactivating IL-8 NF-B (Fig. 4b) indicate that calcineurin is partly involved in the transcriptional activation of IL-8 NF-B in T cells.
Having confirmed the role of calcineurin in IL-8 NF-B activation, we tested whether the inhibitory effect of EM on IL-8 NF-B is mediated through an interaction with calcineurin. As shown in Fig. 5 , the overall level of inhibition by EM (1 nM to 100 M) of transcriptional activation of NF-B when cells are cotransfected with calcineurin A and B subunits did not differ from those in control experiments, although the suppressive effect of EM at 1 nM under conditions of calcineurin cotransfection appeared to be less than that in the control experiment (2% inhibition for pEF/CaA plus pEF/CaB cotransfection versus 8% inhibition for control transfection). These results indicate that the inhibitory effects of EM on transcriptional activation of NF-B are not mediated through the interaction with calcineurin.
DISCUSSION
Previous studies on diffuse panbronchiolitis seen in Asian and Caucasian patients have reported improvements to air flow limitations, excessive airway secretions, and arterial oxygen tension following long-term daily EM therapy (11, 13) . Indeed, EM has proved to reduce the number of neutrophils, elastase activities, IL-8 concentration, and neutrophil chemotactic activity in the lung microenvironment (15, 17, 27) . Importantly, the effects of EM have been noted in these patients whether or not chronic bacterial infections are present (13, 27) , indicating that the effects of EM as a biological response modifier are exerted through an anti-inflammatory mechanism but not an antimicrobial mechanism. T lymphocytes are circulating immunocompetent cells in the lungs and play a major role in the integrated host defense by amplifying proinflammatory signals initiated by airway epithelial cells (AEC) or macrophages (35) . Therefore, in view of airway inflammation, it would be important to ask if EM exerts its anti-inflammatory effects on T cells.
The present study showed that EM is capable of inhibiting IL-8 but not IL-2 protein expression from P-I-induced T lym- phocytes. It has previously been reported that IL-8 production from Pseudomonas aeruginosa-stimulated neutrophils is inhibited by EM (27) , whereas expression of the IL-2 and the IL-2 receptor genes in T cells is resistant to the effect of EM (18) . The reporter gene assay with transgenic Jurkat T cells that stably express the luciferase gene demonstrated dose-dependent transcriptional inhibition of IL-8 gene expression. Moreover, the extent to which EM inhibited P-I-induced IL-8 transcription showed good correlations with the results of EM inhibition of IL-8 protein expression. These findings from the reporter gene assay and the enzyme-linked immunosorbent assay strongly suggest that the inhibitory effect of EM on IL-8 gene expression in T cells is due at least in part to transcriptional inhibition. The results of EMSA further clarified that transcriptional inhibition of P-I-induced IL-8 gene expression is caused by EM inhibition of the induction of IL-8 NF-B DNA-binding activities (Fig. 3) . Although the question of whether high concentrations of antibiotics contained in culture (100 U of benzylpenicillin per ml plus 100 mg of streptomycin per ml) may have influenced the results was not addressed in independent experiments in the present study, Takizawa et al. (37) have found no significant inhibition of cytokine gene expression by 1 mM aminobenzylpenicillin in a similar study on the anti-inflammatory effects of EM on airway epithelial cells.
Since FK506, a potent, macrocyclic lactone immunosuppressant, is also a substance from a strain of Streptomyces, as is EM (20), we then tested whether the underlying molecular mechanism for transcriptional inhibition could be analogous between the two drugs. The molecular mechanism of action of FK506 that takes place intracellularly has been studied extensively. The fundamental mechanism of FK506 is the inhibition of phosphatase activity of calcium-and calmodulin-dependent calcineurin, which plays an essential role in the activation of NFAT and NF-B (12, 19, 23) . In the present study, having confirmed that calcineurin is an upstream signal of transactivation of IL-8 NF-B, EM was tested in an experiment involving the expression of a calcineurin subunit(s) and was found to inhibit IL-8 NF-B, but not through the interaction with calcineurin. In this context, the molecular mechanism of EM inhibition of transcriptional activation is similar to that of rapamycin, which is also a macrolide immunosuppressant that interferes with non-calcineurin-dependent pathways (29) . EM likely functions intracellularly since this drug is generally known to diffuse readily into intracellular fluids (31) . Previous investigations with alveolar macrophages have shown that EM preferentially concentrates intracellularly (36) , with the intracellular concentration/extracellular concentration ratio of EM being 17 (for a review, see reference 6). What is, then, the intracellular mechanism of EM inhibition of NF-B? Fourteen-membered-ring macrolides have been reported to be capable of inhibiting oxidant production by mammalian cells in vitro at therapeutically achievable concentrations (21) . Additionally, given that reactive oxygen intermediates serve as messengers that mediate the activation of NF-B (32), a possible mechanism of EM inhibition on NF-B activation could be due to the inhibition of reactive oxygen intermediates generation in the cytoplasm. The mechanism of action of EM that underlies NF-B inhibition, however, awaits further investigations.
Although EM suppression of transcriptional activation of IL-8 NF-B is significant, it was less significant than that of . Following 15 h of recovery, the cells were pretreated with FK506 and were then stimulated as described above for panel a. Whole-cell extracts were prepared, and luciferase assays were performed as described in Materials and Methods. NS, nonstimulated; FK, FK506. In each experiment, the luciferase activity produced was normalized to the amount of ␤-galactosidase activity and protein concentrations. Data represent means Ϯ standard deviations for three independent experiments. FK506. Since an effective host defense is maintained by wellbalanced anti-inflammatory and proinflammatory responses of the host immune system, EM seems to be a clinically useful biological response modifier in that it provides a moderate immunomodulating effect against inflammation. It should also be taken into account, however, that the EM-induced downregulation of cytokine gene expression may have a negative impact on host defense mechanism, as indicated in previous studies. Nelson et al. (26) showed the ablation by EM of the defense against bacterial multiplication in the lung, and Schultz et al. (33) recently reported on the EM inhibition of TNF-␣ and IL-6 production in whole blood stimulated by heatkilled Streptococcus pneumoniae. We have reported that, unlike in T cells, calcium signaling pathways in epithelial cells exert suppressive effects on NF-B activation and that this suppression is reversed by FK506, which suggests a mechanism through which FK506 can enhance the expression of inflammatory cytokines in nonlymphoid organs (2) . In this context, it will be interesting to investigate whether macrolide antibiotics such as EM suppress or enhance cytokine gene expression from AEC through transcriptional modulation. Additionally, it would also be important to test whether EM inhibits transcriptional activation in primary T cells in a fashion similar to that observed in Jurkat T cells.
In conclusion, the mechanism of EM inhibition of cytokine gene expression in T cells is at the level of transcriptional regulation. This is the first report of a study in which it has been demonstrated that EM inhibits the induction and transcriptional activation of NF-B through interference with calcineurin-independent calcium signaling. These findings suggest that EM possesses anti-inflammatory properties and lend support to the use of this drug in the treatment of airway inflammation.
